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POROUS CERAMIC MATRICES, E.G. FOR CATALYSTS 

The present invention relates to a process for producing a porous ceramic matrix, for 
catalyst materials and like purposes. 

it is one object of the invention to provide an efficient method for forming a porous ceramic 
matrix capable of different industrial uses. 

According to the invention in one aspect there is provided a method of making a porous 
ceramic matrix, the method comprising: 

i) forming a dispersion comprising water, refractory particles, at least one pore 
forming material and a polymeric dispersant; 

ii) adding a water-sensitive destabilising agent to the dispersion; 
ii) placing the dispersion in a mould; 

iv) allowing or causing the agent to be hydrolysed to cause an increase in the 
viscosity of the mix thereby to cause it to solidify and form a green body; 

v) removing the green body from the mould; and 

vi) heating the green body to remove water and burn away the organic materials. 
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These are exemplified respectively by values of about 0.1 to about 20 m 2 /g; about. 20 to 
about 200 m 2 /g; and about 200 to about 1000 2 /g. 

The refractory particles may be selected from a wide variety of metals or non-metals. The 
particles may be so-called low surface area, medium and high surface area materials. 
Medium surface area materials include transition aluminas, kieselguhr and activated clays. 
Examples of low surface area particles are alpha alumina, mullite, cordierite, fused silica, 
zirconia, titania; camma alumina some carbon and silica and many alumina hydrates such 
as boehmite, gibbsite, and bayerite are representative of high surface area materials. 
Other materials are copper, zinc, hydroxycarbonates; metal oxides such as nickel oxide 
(which can be reduced to the metal to provide nickel sponge); aluminosilicates, silicon 
carbide, silicon nitride; and the like. 

The polymeric dispersant may be any substance suitable for the purpose. Examples 
include acrytates, polyacrylates and the like; one specific example is ammonium 
polyacrylate. 

Preferably the pore-forming material is particulate, the dimensions being chosen to 
determine the size of the pores. Preferably the particles are of different sizes and shapes, 
so that interconnections are more easily made. The pore-forming material may be 
selected from a wide variety of natural or synthetic organic substances. Examples include 
carbon fibre or powder; almond shell, coconut shell particles, olivestone powder, wood 
flour, chopped cotton fibres; chopped fibres of polyester, nylon, poiymer beads, stearates, 
extrudates, granules of polystyrene or polypropylene; or the iike. The content and nature 
of the pore-forming materia} may be used to control porosity and pore size distribution in 
the matrix 
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To be suitable for the purposes of this invention the destabilising agent must be one which 
will form a substantially homogenous dispersion with the other ingredients and will 
hydrolyse in a reasonable time period to form a shaped article which is sufficiently rigid in 
the green state to be de-moulded from the mould. 

The rate of hydrolysis is selected so that a demouldable composition is formed within say 
from 10 minutes to a few hours. If it is too slow the technique is not acceptable 
industrially, and if it is too fast the composition will set during casting and defects will form 
inside the green body. 

The water sensitive destabilising agent may be selected from a variety of substances. 
Preferably the agent is an ester. More preferably the agent is a cyclic ester, examples 
being carboxyiic lactone and lactide. Suitable candidates for the present invention 
Include: 

very fast reacting agents such as delta-glucono-lactone, 3,6-dimethyM, 4-dioxane-3,5- 
dione and other 6-ring-membered lactones and lactides; 

fast reacting agents such as: alpha-D-glucoheptonic gamma lactone, D-glucorono-6,3- 
lactone, L-gulonic-gamma lactone, D-gulono-1,4-lactone, L-mannonic-gamma lactone, 
D-erythrontc-gamma lactone, atpha-hydroxy-gamma-butyrolactone, delta-vaterolactone, 
alpha-angelicalactone, and other 5-ring-membered lactones with no more than three 
Methyl side-groups; 
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medium rate reacting agents such as: beta-butyrolactone and other 4-ring-mernbered 
lactones; and 

slow reacting agents such as: pantolactone, epsilon-caprolactone, gamma- 
butyrolactone, gamma-valerolactone, and other high ring-membered lactones and 
lactones with more than three methyl side groups. 

Typically the concentration of the agent is about 1 to 10x10' 5 mole per gram of the 
dispersion, preferably 2-5x1 0" £ mole per gram of the dispersion. Increasing 
concentrations will shorten the period before the composition has set. 

Preferably the temperature of the mix is reduced below ambient to slow the rate of 
hydrolysis and thereby improve the homogeneity of the suspension on addition of the 
agent. Upon the addition of the destabilising agent, the viscosity starts to rise. At lower 
temperatures the rate of viscosity increase is much lower because the kinetics of the 
reaction are lowered. Working at a lower temperature (not too low otherwise the water 
present in the system will freeze) would allow a much longer time in which to mix in the 
agent. A preferred temperature range is between about 0°C and 20°C, preferably 
between 0°C and 10°C before the addition of the destabilising agent 
A mixing stage may result in the entrapment of air. If needed, therefore, the method may 
include the step of applying a vacuum to the composition to remove air bubbles introduced 
by mixing. 



WO 00/29353 



PCT/GB99/03.Z98 



5 

In a preferred feature the mixing and air removal are carried out after which the 
composition is poured into a mould whereby a moulded article is formed from the 
mouldable composition, following which it is removed from the mould. 

In another preferred feature the method includes the subsequent step of heating the mix 
to accelerate the rate of hydrolysis. Warming in a controlled manner will cause further 
hydrolysis and the viscosity will increase so allowing production of moulded articles. 

p re f en3 bly the formed ceramic matrix has an apparent porosity in the range from less than 
20% to about 70% depending on the intended application. 

In a preferred feature the heating to remove water and bum away the pore forming 
material is also carried out to sinter the ceramic matrix. 

It is an advantage of the invention that matrices of complex shape can be produced in a 
simple way. The complex shape has an increased geometric surface area. This property 
can be put to good use in a number of industrial applications. For example the matrix may 
be used to carry catalysts, giving matrices of high efficiency because of the high catalyst 
metal loading, the enhanced geometric surface area and the reduced resistance to gas 
flow. One specific use is as a carrier for catalysts in which case a catalyticaify active 
component is introduced into the pores and onto the exterior surface of the carrier. 
Wash-coating may be employed. Spacers and/or promoters may also be introduced 
simultaneously. Other uses for the porous ceramic matrix of the invention are preforms of 
dual phase ceramic particulate/ceramic matrix composites; aeration and diffusion plates; 
gas and liquid filters; cross flow micro-filtration elements; and the like. 
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The term "catalytically active component" as used herein means a metal or compound 
thereof that has catalytic activity either as formed or when in a reduced or otherwise 
activated state. The term "spacer' means a material that helps to stabilise small 
crystallites of the metallic catalytic agent, for example, by preventing these particles 
coalescing, and the term "promoter" means a material which brings about a different 
selectivity in the catalyst compared with the material without promoter, for instance by 
preventing undesirable side-reactions such as coke formation, etc. 

A specific advantage of a method of the invention lies in the fact that minimal reagent loss 
occurs and in contrast with other methods of precipitation or impregnation the active 
phase is almost exclusively confined to the pores of the matrix. 

The porous carrier matrix may be pretreated with acid or alkali to modify the interaction of 
the catalytically active material and the walls of the pores. The wall surface may also be 
modified by the addition of "spacer/support" material, e.g. alumina within the pores of the 
ceramic matrix prior to the addition of the active phase. This may be accomplished by the 
simple impregnation of the porous matrix with a soluble salts of the "spacer/support" 
material, e.g. aluminium nitrate or by using the homogenous precipitation technique. In 
each case the temperature of the calcination of the impregnated ceramic matrix must be 
carefully controlled to achieve the required surface properties. 

Preferably to locate the active phase within the porous ceramic carrier, the matrix is 
impregnated, preferably under vacuum, with a solution of soluble salts containing the 
required catalytic components and the hydrotysable material, the ceramic matrix then 
being removed from the solution and drained. After draining, the ceramic matrix is heated 
to a temperature suitable for the controlled hydrolysis of the hydrolysabte material, thus 



WO 00/29353 



PCT/GB99/03O98 



7 

increasing pH of the absorbed solution and bringing about deposition of the insoluble 
oxides within the pores. This effectively blocks the pores to further impregnation. 

The metal loading of the catalyst may be increased by repetition of the process steps. 
Prior to re-impregnation of the catalyst the pores must be opened. In one aspect of the 
process the pores may be opened by thermal decomposition of material within the pores. 
Alternatively the catalyst is washed with water or weaker alkaline solution and then dried 
at a suitably elevated temperature. The catalyst of the required metal loading is subjected 
to a final calcination temperature of about 450°C, 

Where the matrix is made of particles of high surface area, it may be used to form a 
catalyst foam having the advantage of light weight and enhanced activity. A matrix of the 
invention may be used to form a heat exchanger. 

The invention is illustrated by the following examples which are given by way of illustration 
only. 

Example I 

A suspension was produced by mixing together 85 g alumina (A16SG, Alcoa, Bauxite, 
Arkansas, 72011, USA), 15 g almond shell powder (lOOmesh), 0.05 g 4 ( 5-dihydroxy-1,3- 
benzendisulphonic acid disodium salt monohydrate, 0.2 mi ammonia water (35% NH 3 ), 
and 25 g water. The pH of the suspension was between 9 and 10. After standing at room 
temperature for 2 hours, 1.0 g (equivalent to 4.5x10* 5 mol/g) of D-gulono-1,4-lactone was 
mixed into the suspension. The mix was then poured into a plastic or metal mould and 
held for three hours at 22°C. The part was demoulded, dried and sintered at 1520°C for 
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30 minutes. The green density was 1.76g/cm 5 and sintered density 2.36 g/cm 3 equivalent 
to a porosity of 40%. 

Example II 

180 g alumina (A16SG), 20 g olivestone powder (article size 100mesh), 0.6 g Dispex A40 
(DISPEX is a trade mark), 0.3 m! ammonia water and 50 g water were mixed together to 
make a suspension with pH around 9.5 and viscosity less than 1 Pa s. After being held at 
room temperature for 1 hour, the suspension was further mixed with 2.0 g D-gulono-1 ,4- 
lactone for 1 minute and the mix was then cast into a rubber mould. After 2 to 3 hours the 
solidified mix was demoulded and dried at room temperature for 1 day followed by drying 
in an oven for two more days at 40°C. The green body was heated at a ramp rate of 
4°C/min to 1520°C and soaked for 30 minutes. The sintered shape had a porosity of 35%. 

Example III 

A cylinder shaped body 10 as shown in Figure 1 of the accompanying drawings was made 
in a mould containing a suitably shaped former and using the recipe shown in Example I. 
The cylinder has a main bore 11 which is of polygonal shape, and all the arms or 
extensions 12 were symmetrical. The same was true of the radially spaced apart side 
bores 13 which are of generally irregular shapes. The shapes and spatial arrangement of 
these bores (including internal interconnections) were designed so as to increase the 
geometrical surface area and improve gas flow uniformity while maintaining the 
mechanical strength of the matrix. The bulk density of the formed body was 0.9 g/cm 3 . 
The geometric surface area increased by about 55% compared to the Raschig ring of the 
same size and by about 30% compared to the fluted ring matrices. 



W.O 00/29353 



PCT/GB99/03O98 



9 

CLAIMS 

1 . A method of making a porous ceramic matrix, the method comprising: 

i) forming a dispersion comprising water, refractory particles, at least one 
pore-forming material and a polymeric dispersant, the method comprising; 

ii) adding a water-sensitive destabilising agent to the dispersion; 
ii) placing the dispersion in a mould; 

iv) allowing or causing the agent to be hydrolysed to cause an increase in the 
viscosity of the mix thereby to solidify and form a green body; 

v) removing the green body from the mould; and 

vi) heating the green body to remove water and burn away the organic 
materials. 

2. A method according to Claim 1 , wherein the temperature of the mix is reduced to 
slow the rate of hydrolysis and thereby improve the homogeneity of the formed 
mouldable composition. 

3. A method according to Claim 1 or 2, including the step of applying a vacuum to 
remove air bubbles introduced by the mixing. 
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A method according to any preceding Claim, wherein the content of the 
preforming material is adjusted to control the porosity and porosity of the matrix. 

A method according to Claims 1, 2 and 3 comprising the subsequent step of 
heating the mix to accelerate the rate of hydrolysis. 

A method according to any preceding Claim, in which the destabilising agent is a 
cyclic ester. 

A method according to Claim 6, in which the destabilising agent is a carboxylic 
lactone or lactide. 

A method according to Claim 6 or 7, wherein the concentration of the 
destabilising agent is from 1 to 10 x 10* 5 mole/gm of dispersion. 

A method according to Claim 8, wherein the concentration is from 2 to 5 x 10* 5 
mole/gm of dispersion. 

A method according to any preceding Claim, including the subsequent step of 
loading catalyst particles into the pores (and optionally on to the exterior surface) 
of the porous carrier. 

A carrier made according to any of Claims 1 to 9, formed into the shape of a heat 
exchanger. 
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12. A catalyst made by a method according to any of Claims 1 to 10, wherein the 
particles have a low surface area. 



13. A catalyst foam made by a method according to any of Claims 1 to 10, wherein 
the particles have a high surface area. 
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